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Preface to the Series 

The RIKEN BNL Research Center (RBRC) was established in April 1997 
at Brookhaven National Laboratory. It is funded by the "Rikagaku 
Kenkyusho" (RIKEN, The Institute of Physical and Chemical Research) of 
Japan. The Center is dedicated to the study of strong interactions, including 
spin physics, lattice QCD, and RHIC physics through the nurturing of a new 
generation of young physicists. 

During the first year, the Center had only a Theory Group. In the second 
year, an Experimental Group was also established at the Center. At present, 
there are seven Fellows and seven Research Associates in these two groups. 
During the third year, we started a new Tenure Track Strong Interaction 
Theory RHIC Physics Fellow Program, with six positions in the first academic 
year, 1999-2000. This program had increased to include ten theorists and one 
experimentalist in academic year, 2001-2002. With recent graduations, the 
program presently has eight theorists and two experimentalists. Beginning last 
year a new RIKEN Spin Program (RSP) category was implemented at RBRC, 
presently comprising four RSP Researchers and five RSP Research Associates. 

9 

a In addition, RBRC has four RBRC Young Researchers. 

The Center also has an active workshop program on strong interaction 
physics with each workshop focused on a specific physics problem. Each 
workshop speaker is encouraged to select a few of the most important 
transparencies from his or her presentation, accompanied by a page of 
explanation. This material is collected at the end of the workshop by the 
organizer to form proceedings, which can therefore be available within a short 
time. To date there are fifty proceeding volumes available. . 

The construction of a 0.6 teraflops parallel processor, dedicated to lattice 
QCD, begun at the Center-on February 19, 1998, was completed on August 28, 
1998. A 10 teraflops QCDOC computer in under development and expected to 
be completed in JFY 2003. 

T. D. Lee 
November 22,2002 

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886. 
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Summary of the AGS Polarization 
Workshop 

(Ann Arbor Highlights) 

T. Roser, BNL 
'December 20,2002 

for 
RHIC Spin Collaboration Meeting XIV 

RIKEN BNL Research Center 



Ann Arbor Workshop Highlights 

Experience with Existing Facilities 

AGS depolarization 

Strong Snake 

Weak AGS resonances 

BROOKHAUEN 
N A?’ I 0 N.A’L LAB 0 RAT 0 RY 

Thomas Roser 
RHIC Spin Collaboration Meeting 

December 20,2002 
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Experience With Existing Facilities (1) 
~ ~ _ _ _ _  

COSY (A. Lehrach) 
Gy(max) = - 7; P = 75% 
50 MeV injCction energy; le10 protons 
Correction dipoles (spin flip) and tune jump quads, 
Problem: marginal tune jump for strongest intrinsic resonance 

KEK PS (C. Ohrnori) 
1986 Gy(max) = - 8.4; P = 40% 
1988 Gy(max) = - 11.2; P = 25% 
Depolarization in Booster (500 MeV) and PS corrected with sextupole 
Correction dipoles and pulsed quads 
Problem: strong intrinsic resonances, tune jump small 

BROOKHAVEN 
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Experience With Existing Facilities (2) 

1980’s AGS (L.A. Ahrens, A.D. Krisch) 
1986 Gy(max) = 41.5; P = 45% 60 pi x,y emittances are exchanged 
1988 Gy(max) = 35.5; P = 45% 25 pi 
No Booster; Intensity about an order of magnitude lower. 
Corrector dipoles and tune jump quads, set-up using polarization info. 
Problem: long tuning time, marginal correctors and tune jump at high Cy, 
loss not understood (!) 

1990’s AGS (TR, H. Huang, M. Bai) 
2000 Gy(max) = 46.5; P = 4 1 % 
2002 Gy(max) = 46.5; P = 35% 
With Booster, high intensity source 
Partial snake and rf dipole, set-up using beam info. 
Problem: coupling resonances, weak intr. resonances, but loss understood (?) 

BROOKHBUEN 
NATI O N  A L  LAB 0 R A T 0  KY 
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Internal Polarimeters 

(C. Ohmori, A. Lehrach, G.M. Bunce) 

KEK (pp elastic [inclusive]): 150 pm Carbon target, 220 pm polyethylene 
target, polarization measurement on ramp ( - 60 min), - 20 min. for 5% 
measurement 

COSY (pC quasi elastic): 8 pm Carbon target, polarization measurement on 
ramp( 10 - 20 min), few minutes for 5% measurement at flat top 

AGS (old, pC quasi elastic): 7 x 8 pm Carbon target (1 00 pm Nylon target), 
10 min. for 5% measurement at flat top 

AGS(new, pC CNI): 0.01 pm x 500 pm Carbon target, polarization 
measurement on ramp (- 60 min), 5 seconds for 5% measurement at flat top 

BROOKHAWEN 
NATIONAL LABORATORY 



Overcoming AGS Spin Resonances 

Imperfection Strong Intr, Weak Intr, 
1980’s 96 corr. dipoles 10 pulsed quads 10 pulsed quads 
1990’s 5% solenoid snake rf dipole Didnothing . 

I 

Plan 1 25% helical snake 25% helical snake 25% helical snake 

Plan 2 5% helical snake rf dipole 4-8 pulsed quads1 
Tntr. spin matching 

Plan 3 5% solenoid snake rf dipole 4-8 pulsed quads/ 
Intr. spin matching 

Coupl. Res, Set-up info 
NIA Pol. 
Did nothing BeadPol. 

NIA Beam 

NIA B eadPol. 

Hor. rf dipole (?) Beardpol. 

BROOKHBAUEN 
NATIONAL LABORATORY 



25% Partial Snake 

(TR, H. Huang, E.D. Courant, W. MacKay) 
Pro: 
0 Can overcome depolarization from all resonances 

(Including sidebands and higher order) 
0 No tuning based on pol. Measurement 

Con: 
0 Large perturbation of lattice -> Need additional matching quadrupoles 
0 Vertical tune close to integer 
0 Stable spin direction not vertical -> Need injection and extraction spin matching 

0 Never tried before! 
schemes (extraction to RHIC looks OK) 

[ Horizontal intrinsic resonance due to horizontal stable spin direction is weak] 

BROOKHAVEN 
NATIONAL LRBORA'I'OKY 



Strong Partial Siberian Snake for AGS 

A strong partial Siberian snake 
generates large spin tune gap for 
G y N .  With strong enough 
snake gap is large enough to 
cover both imperfection and 
intrinsic spin resonances. 

Helical snake will not generate 
coupling spin resonances 

Note: With a strong snake, the 
stable spin detection will deviate 
from vertical direction 
(1 8 degree for 20% snake). 
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Test results with 10% snake at 0 + v 

The difference between 
the red measurements and 
blue line is due to the 
coupling resonance and 
tilted stable spin direction. 

Good agreement with 
model. 

BROOKHAUEN 
NATIONAL LAB 0 RAT0 RY 
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Polarization at AGS injection 
Simuiation results 
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Experiment data 
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Vertical Tune 
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A E 

- 25 ?!Xi AGS super-conducting helical snake 

15 cm warm bore 
Helix with changing pitch 

BROOKHAUEN 
NATI O N  A L LAB 0 R A T 0  RY 



Design of - 25% partial snake 

Changing pitch helix 

Horizontal orbit offset 

- 4 cm rnax. excursion 

Central solenoid for 
4 .  .. coupling correction 

BROOKHAVEN 
N AT1 O N A  L LAB 0 R A T 0  KY 
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5% Helical Partial Siberian Snake for AGS 

Weak helical dipole snake: 

No or little coupling 

Use rf dipole for strong intrinsic 
resonances 

Use jump or spin matching for 
weak intrinsic resonances 

Spin Tune for apartid snake 

9,25 I I I 1 
9,20 - 

9,15 - 

9.10 - 

9.05 - 

5% snake 
15% snake 
20% snake 
25% snake 

- - - - 

8,95 

8,90 

885 
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I I I I 
830 8,90 9,OO 9.10 9,20 
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Design of - 5% partial snake 

Changing pitch helix 
with 1.5 T 

I 

- 2 cm max. excursion 

-> ?4 of coupling, 
sextupoles,. . . of 25% 
snake 

Central solenoid for 
coupling correction 

Fits into 10-foot SS (110) 

BROOKHAWEN 
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Overcoming weak intrinsic resonances 

Betatron tune jump( M. Bai, A.D. Krisch): 
Works well up to E - 0.002, rise time: 10 - 100 ps 
Possible beam emittance growth 

Harmonic spin matching (A. Lehrach, V. Ranjbar): 
Tested at COSY. 12 quads in location 15 (and/or 5 )  => zero res. strength 

Weak liitriiisic Rcsoiiaiice with 15th Quaclwpolo k- 0.25 tune variations BiIiltily 

Energy jump: 
Inexpensive, jump speed too small 

Rf spin rotator: (D.W. Sivers) 
Requires too strong rf magnets 

K15"I II 1111 

BROOKHAWEN 
NATI O N  A L LAB 0 R A T 0  KY - 300 A 



Proposed Plan 

Build warm helical 5% snake w/o coupling for installation before Run 4 

0 Install quads in #15 straight sections with power supply before Run 4 

0 Explore possibility of using jump quads 

w No coupling resonances (- + 20 % pol.) 

w Reduced weak intrinsic resonance strength (- +lo% pol.) 

w Eliminate depolarization from weak resonances (- + 15%) 
Build cold helical 25 snake w/o c,oupling for installation before Run 5 
or maybe Run 6 

w Will take time to commission, large effect on orbit properties 
w Can eliminate depolarization from all resonance. 
w Only alternative method to overcome strong intrinsic resonances 

(Intensity effects and other sources of tune spread can effect rf dipole 
method!) 

BROOKHAVEN 
NATI ONi4 L LAB 0 R A T 0  KY 



Draft Agenda 3 Nov 2002 
November 6-9,2002 Workshop on Increasing the AGS Polarization 

Thursday, November 7,2002 (Spin Physics Center, 1239 Kipke Drive) 
Chair Ya S Derbenev JLab 
09:OO Welcome and Introduction (15 min) A D Krisch Michigan 
09:20 RHIC and AGS Polarization Facilities Status (60 min) T Roser Brookhaven 
11:OO AGS Beam Optics with a 20% Siberian snake (25 min) E D Courant BrookhavedUM 
11:25 Discussion (35 min) ADK - leader 
12:OO AGS Polarized Beam in the 1980's (25 min) L A Ahrens Brookhaven 
1225 Discussion (35 min) TR - leader 
13:OO Lunch 

14:30 RJ? Dipole for Strong Depol. Reson. (25 min) M Bai Brookhaven 
1455 Discussion (35 min) ADK - leader 
1530 Overcoming Depol. Reson. at COSY (25 min) ALehrach COSY 
1.555 Discussion (35 min) TR - leader 
17:30 20% Snake in the AGS (25 min) H Huang Brookhaven 
17:55 Discussion (35 min) ADK - leader 
18:30 End 

Chair LCTeng Argonne 

Friday, November 8,2002 (Spin Physics Center, 1239 Kipke Drive) 
Chair Yu F Orlov Cornell 

09:OO New AGS C M  Polarimeter (25 min) G M Bunce Brookhaven 
09:25 Discussion (35 min) TR - leader 
1O:OO Matching of Siberian Snakes (25 min) G Hoffstaetter Cornel1 
10:25 Discussion (35 min) ADK - leader 

11:45 Pulsed Quads to Minimize Weak Intrin Res Depol(25 min) M Bai Brookhaven 
12:lO Discussion (35 min) TR - leader 
12:45 2003 OPPIS Polarization Upgrade A N Zelenski Brookhaven 
13:lO Discussion (35 min) ADK - leader 
16:OO Spin Physics Seminar in room 335 West Hall (Main Campus) 

Chair W B Tippens DOE 

"Deuteron Spin Flipping and Quantum Mechanics" D W Sivers Portland Phys I n s W  

Saturday, November 9,2002 (Spin Physics Center,'1239 Kipke Drive) 
Chair V K Wong Michigan 
09:OO AGS Lattice Changes to Eliminate Weak Res (25 min) ALehrach COSY 
09:25 Discussion (35 min) TR - leader 
1O:OO 
10:25 Discussion (35 min) ADK - leader 
11:OO Coffee 
11:30 Quantum Mechanical Model of Spin Nipping (25 min) B B Blinov Michigan 
1155 Discussion (35 min) TR - leader 
12:30 Roundtable 
13:15 Lunch 

15:OO Spin Matching with a 20% Snake (25 min) W MacKay Brookhaven 
1525 Discussion (35 min) ADK - leader 
16:OO Open ADK - leader 
17:OO Coffee 

17:30 Workshop Highlights and Discussion. T. Roser Brookhaven 
18:45 End 

Cross Strong Intrin & Coup Res with Hor EG Dipole (25 min) M Bai Brookhaven 

Chair A N Zelenski Brookhaven 

Chair COhomori KEWJHF 
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Status Report on the Accelerator 
Preparations 

Run-03 

L. Ahrens, BNL 
December 20,2002 

for 
RHIC Spin Collaboration Meeting XIV 

RIKEN BNL Research Center 
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Status Report on the AGS CNI Polarimeter 

I. Alekseev, ITEP 
December 20,2002 

for 
RHIC Spin Collaboration Meeting XIV 

RZKEN BNL Research Center 
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Summary/Outcome of the Jet 
Target/Experiment Review 

Y. Makdisi, BNL 
December 20,2002 

for 
RHIC Spin Collaboration Meeting XIV 

RIKEN BNL Research Center 
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Conclusions About RHIC Polarimetry for 
Run-02 

0. Jinnouchi, RBRC 
December 20,2002 

for 
RHIC Spin Collaboration Meeting XIV 

RIKEN BNL Research Center 
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Run-02 BBC Asymmetry Results from 
PHENIX 

K. Tanida, RIKEN 
December 20,2002 

for 
RHIC Spin Collaboration Meeting XIV 

RIKEN BNL Research Center 
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BBC asymmetry 
K. Tanida (RIKEN) 
RSC meeting 12/20/02 

Outline 
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Introduction 
Event selection 
Bunch fitting method 
Results 
Discussion 
Summary 'and prospects 



FNAL 

Introduction 
E704: observed large single spin 

asymmetry (AN) of pions in forward region with 
transversely polarized pp reaction at 
sqrt(s) = 20 GeV. 
BBC: most forward detector in PHENIX that can 
measure asymmetry. 

o\ w 

+ Measure AN of inclusive (charged) particles by 
BBC. 

0 STAR observed finite A, - 0.005 in their 
I. . I . preliminary analysis. 
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Event selection 
Data from 1 1 fills (2257,2258,2265,2266,2275,2277,2281,2289, 

2290,2301,2304) after 01/18/02 were analyzed. 
- eatlier fills are severely contaminated by beam-gas 

backgrounds. 
Trigger: BBC LL1 

E2 Beam gas contamination: , 

- events in abort gaps < 
- three fills (2257,2265,2266) rejected 

of normal bunch 

Bad bunches: 
- unpol: 0,20,40 
= abort gaps: 15-19,55-59 
= other bad bunches: 10,30 
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Inclusive and exclusive hit counting; 
Left: nL segments have hit 
Right: nR segments 
Inclusive counting: 
left: nL counts, right nR counts 
= sensitive for high-multiplicity events, e.g., jets. 
- 6NL > sqrt(NL) because 

# one particle can hit two segments 
# two particle correlation strong 

Exclusive counting: 
count one for left only if nL > 0 and nR = 0 
- favors low multiplicity events 



Bunch fitting method 
An alternative method of square root formula 
- for details see 
http : //rar faxp . r iken. go . j p/-tanidah pinpwg/bunc h- formula- 
note.tex (or .ps) 

Take crossing-by-crossing left-right asymmetry 
for each fill (crossing number: i): Q\ 

00 

, 



crossing by crossing LR asymmetry (fill 2304, north) 
I dasslr02304 I 

Y I- 

I dasslr02304 I 
Nent = 45 
Mean = 28.62 
RMS = 16.34 E 

a.014 

Ce.012 
i 

0.01 

r cn a 

0.008 

0.006 

0.004 

tt -it tf'l I f 
r 

t 

0.002 t 



Fitting function 

D: detector asymmetry 
*B(Y): P hysics asymmetry for blue (yellow) beam 
PB(Y)( i): blue (yellow) beam polarization 
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Coupling of A, and A, 
M has off-diagonal elements (luminosity asymmetry) 

Effects of off-diagonal elements (at leading order): 
3 A@ and Ay couples 

AD - -(A,<P,> + Ay<Py>)/<l> 
AAB - -(D<PB> + Ay<PBPy>)/<PB2> 
AAy - -(D<Py> + AB<PBPy>)/<Py2> i3 

- second order 
- sqr t  formula does not cancel terms such as AB<PBP+ 

answers, while the sqrt formula does not. 
MC simulations tell the fitting method gives correct 



Statistical and systematic errors 
If we neglect the off=diagonal elements of M, 

-112 6A =<p 2>-1/2 &A =<p 2>-1/2 6D=<l> , B B 3 Y Y 
sqrt formula gives approximately the same statistical 
error. 
Systematic effects: can be checked by fitting x2 

3 Bunch-by-bunch fluctuation of detector asymmetry. 
- independent gaussian of od + D fluctuates by od/sqrt(I) (I: number of bunches) 
= multiplying X2/dof to fitting error gives approximately 

0 Sqrt formula equally suffers from this effect, but it gives 
correct error estimation. 

too small errors because x2 check and correction is 
imp0 s sib le . 



BBC analysis condition 
We used 

Linear approximation. 

0 PB(i) =: P$B(i), SB(i) = +1 (spin up) or -1 (down) 
- very good approximation in this case. 

- RHIC pol. doesn't give bunch-by-bunch polarization 
- average: P,, P, - 0.2 
Fitting parameter: E,= ABPB instead of AB 
3 avoid polarization measurement error 
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1 . x2/dof(=42) 
All inclusive 

3 checks 
should be nearto 1 
counting data are rejected 

probably because &a,, was too small 
multiplying 6a,, by 1.37 makes x2 distribution 
reasonable (except for fill 2258). 
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3 checks 
1. x2/dof(=42) should be near to 1 
All inclusive counting data are rejected 
- probably because 6a,, was too small 
- multiplying 6a,, by 1.37 makes x2 distribution 

reasonable (except for fill 2258). 
4 0 only one bad fill (2258) for exclusive counting 
\o 

= x2 distribution == OK for the other fills 
3 use only exclusive counting data hereafter 
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3 checks 
1. x2/dof(=42) should be near to 1 
0 All inclusive counting data are rejected 

= probably because 6aLR was too small 
- multiplying 6a, by 1.37 makes x2 distribution 

reasonable (except for fill 2258). 
00 h, 

only one bad fill (2258) for exclusive counting 
- x2 distribution == OK for the other fills + use only exclusive counting data hereafter 

2. A,(north) = A,(south) and vice versa 
3 . Parity-violating top-bottom asymmetry should be 0 
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Physics asymmetry for yellow beam 
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3 checks 
1. x2/dof(=42) should be near to 1 
All inclusive counting data are rejected 
- probably because 6a,, was too small 
= multiplying 6aLR by 1.37 makes x2 distribution 

reasonable (except for fill 2258). 
0 Only one bad fill (2258) for exclusive counting 

= x2 distribution -- OK for the other fills + use only exclusive counting data hereafter 

00 
VI 

2. A,(north) = A,(south) and vice versa 
3 . Parity-violating top-bottom asymmetry should be 0 

= OK within 30 for exclusive data except fill 2258. 
-.) fill 2258 is discarded. 
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Averaged asymmetry 
Divide E by raw asymmetry of RHIC pol. 

AIAcN1 (ACN1: effective analyzing power of RHIC pol.) 

CNI 
AI343 

CNI A+* 
South LR 0.15 +- 0.22 -0.09 +- 0.17 

TB -0.22 +- 0.23 0.06 +- 0.17 
North LR -0.1 1 +- 0.22 0.06 +- 0.17 

TB -0.19 +- 0.23 -0.16 +- 0.17 

00 
4 

Errors are statistical only, but include statistical error 
4 . in polarization measurement. 



Analyzing power 
Assume A,cN1=A,CN1=O.O 132 

South LR 
TI3 

North LR 
TB 

~ ~ ( 1 0 - 3 )  
1.9 +- 3.0 

'-2.9 +- 3.0 
-1.4 +- 3.0 
-2.6 +- 3.0 

~ ~ ( 1 0 - 3 )  
-1.2 +- 2.2 
0.7 +- 2.2 
0.8 +- 2.2 (x,< 0) 

-2.1 +- 2.2 

0 Errors are statistical only, but include statistical error 
in polarization measurement . 

0 Systematic error in polarization measurement does not 
affect the significance of the asymmetry. 



Systematic errors 
polarization measurement error: 
= unknown yet, but does not change A/6A. 
- E is free from this. So, we show both A and E. 

- effect is negligibly small for A - 0. 

- no evidence seen (x2/dof - 1) 
- probably negligible compared to statistical error. + We don't assign any systematic error other than 

bunch-by-bunch polarization fluctuation: 

Other systematic errors: 
00 
\o 

coming from polarization measurement. 



Comparison with sqrt  formula 

0 In the present case, bunch fitting method gave the 
same result as sqr t  formula down to O( 
Svstematic deviation of sart formula 
I 

I 

I 

9 AA, - small enough 

- AAB/AB: D(ABPB+A,P,) - 10m4 

3 negligible 

0 Systematic deviation of linear approximation. 

Le., AA, - x = 



Discussion 
Our results are consistent with zero. 
E704result 
- 7c+ and 7c- have opposite sign of AN. + cancellation in BBC measurement 
- asymmetry is seen at large xf 
<=> BBC can not measure xf, 

probably small xf events dominate + not inconsistent with E704 result. 
STAR preliminary result: E - 0.001 (AN - 0.005) 
- pseudorapidity is larger 

(PHENIX: 3.0 < q < 3.9, STAR 3.4 < q < 5.0) 



Summary and prospects 
AN of inclusive charged particles in a forward region 
was studied with PHENIX BBC. 

0 A new method to calculate physics asymmetries 
was used. 

\o h, We saw no evidence of systematic error. 
Results were consistent with zero. 

0 Analysis is still ongoing for various conditions, e.g., 
- select inner segments of BBC (most forward region) 
- event selection (e.g., DC coincidence -- in relation 

with LocalPol results) 
- IBhot~n (no> selection using ADC information, 
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